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2S(k) 0 < k < N/2
0 N/2 < k < N − 1
S(k) k = 0, N/2
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[6] Hayakawa [23][24] LPC-
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X(n) = Ei(n)− Ei(n)
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3.2.3: 2kHz






3.2.5 20 10 ECM (a) (b)
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D = Tr[AB−1]Tr[BA−1] (3.3.1)
[6] A B ECM ECM Tr[∗]
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aˆT (l) = (aT (1) aT (2) · · · aT (l))
bˆ
T








































diagonal line number l
3.3.3: ECM
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[11]) GMM ECM GMM










length: 20 ms 
GMM modeling with EM training 
Speaker matching by GMM 
Cohort normalization
 











(c)              














Bimbot (2 5 )
10
Bimbot [6] 3.1
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Frequency        Reference sentences: 5      Reference sentences: 2  
  band (Hz)          Test sentences: 1            Test sentences: 1  
 
   125–11,313            98.0%                       89.2% 
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Bk exp(j(2pifkt− βk)) (4.2.2)







































































Type B 128ms 256ms
4.2.2(b)(c) 1/4
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2R(k) 0 < k < N/2
0 N/2 < k < N − 1











rˆ(n) rˆ(n) Θ(n) cos
N
f M(n)
M(n) = cos∠rˆ(n)× sin(2pifn) (4.4.4)
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xa(n) ≡ A expj 2piN (k0+α)n (5.2.1)
k0 α = a/p a p N




















5.2.1(a) 5 (K = 5) S/N 10dB
N (b) (a) M − N (M = 8 × N)
Peak-picking



















²a(n) ≡ xa(n)−X(kp) expj
2pikpn
M (5.2.5)
n = 0, 1, · · ·, N − 1
xa(n)← ²a(n) (5.2.6)




|ea(n)|2 < E (5.2.7)
E [35][36]
5.2.1(c) (a) 5





|ea(n)|2 < E (5.2.9)
x(n) ≡ <(xa(n)) (5.2.10)





































(k0+β)n = x1a(n) + x1b(n) (5.3.1)
k0 α = a/p β = b/p p a b
X(kα) = X1(kα) +W (kα − kβ)X2(kβ) (5.3.2)















































K k = kx




















 WNM(kp−l − kp−m) · · · WNM(kp−l − kp−m+P−1)... . . . ...






























5.3.1 5.3.8 (K = 5) CLSM
(a) N = 512 (S/N : 20
(dB)) (b) M = 4096
L = 5 k = kP −2 = 65 k = kP +2 = 69
k = kP − 1 = 66
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extracted frequencies (dots) 








































































































































































































































Fn (c) (Fc − Fn)/Fc × 100, Fc 6= 0 ;Fn 6= 0
5 Spectral-Peak-picking 100
(a)  













top traces: noisy speech 
middle traces: reconstructed speech 
bottom traces : clean speech 
5.4.10:
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